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ABSTRACT 
Thirty-six cases, six months to two years in retention 
were examined for antero-posterior changes during and after 
active treatment. All cases except one were Glass II. Pre-
treatment, post-treatment and two sets of retention cephalo-
grams, panorexes and models were evaluated and the data 
examined to determine the association of certain skeletal and 
dental parameters to overjet. During treatment the skeletal 
changes (SNA, SNB, ANB) were small, while the dental changes 
(maxillary incisor to NA, mandibular incisor to NB and the 
interincisal angles) were large. Skeletal changes appeared to 
be more stable in retention than dental changes. Overjet 
appeared unrelated to the degree of intercuspation, a long 
postulated theory regarding post-treatment stability. 
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INTRODUCTION 
Most orthodontists would concede that orthodontic 
treatment actually consists of two separate, but intimately 
related stages. The first is the active treatment phase when 
the actual correction is accomplished. The second, and 
perhaps equally as important, is retention, during which the 
corrected situation is held, and hopefully stabilized. 
When one examines the volumes of literature written 
abbut orthodontics, he is struck by the obvious dichotomy 
which exists. While much has been written about the active 
phase of treatment, the retention phase has been severely 
neglected. Moreover, much of what has been written on the 
subject has been largely subjective. Many researchers have 
stated their opinions as to the causes of relapse, with little, 
if any, statistical data to support their views. 
Dewey, in 1909, attributed successful retention to 
what he called "natural forces of retention." Basically, he 
-
suggested establishment of an ideal occlusion as significant 
in reducing relapse.( 7). Indeed, this article suggests one of 
several trends in the retention literature. Many researchers 
have been of the opinion that relapse is related to incomplete 
finishing of cases or improper .initial diagnosis and treatment 
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planning. Hahn (14) and Muchnic (30) also espoused this 
theory. 
Another popular school of thought is that retention 
1s related to the physiology of the oral environment, 
McCauley (27), Peak (31) and Reitan (34, 35) suggest that 
the extent of the orthodontic correction must not exceed 
normal physiologic boundaries of muscle balance, bony 
support, periodontal ligament response and function. These, 
however, are as yet undefined, 
This author is not trying to refute the theories ad-
vanced over the years. Rather, it is now time to apply some 
of these theories to available data and, with the aid of statis-
tics, test their relevance among a general population of 
post-orthodontic patients. 
In this paper it will be my purpose to explore the 
general tendencies for relapse in thirty-six cases treated 
with a v.ariety of techniques in the Department of Orthodontics 
at Boston University School of Graduate Dentistry. I propose 
to determine whethe1', among several of the more prevalent 
indices for measuring successful treatment, there was sig-
nificant relapse. Further, I will attempt to determine if a 
statistically significant correlation exists between any relapse 
which occurred and other measured parameters which are 
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commonly associated with relapse tendencies, More spe-
cifically, I will attempt to explore a relapse of overjet and 
its relationship with other cephalometric and study model 
data. What has been our level of success at Boston Univer-
sity at maintaining overjet correction? Are there other 
factors which are significant in affecting our ability to 
achieve and retain reduced over jets? Can we relate relapse 
of overjet to such factors as incisal inclination, crowding, 
or ANB reduction? I hope that this paper will begin to point 
out some of these general trends among a varied orthodontic 
population such as the one studied here, 
In addition, several points concerning treatment con-
cepts relative to orthopedic versus orthodontic forces will be 
critically reviewed, 
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REVIEW OF THE LITERATURE 
The orthodontic literature dealing with relapse can 
be divided into three basic categories. The first, and by 
far the most widely covered area is the o_ne which deals with 
relapse as a physiologic phenomenon. Writers which sub-
scribe to this philosophy claim that relapse is due, at least 
in part, to a II rebound" phenomenon of the dental environ-
ment. As early as 1898, Smith stated that appliances should 
be left in place after the "active phase" of treatment in order 
to allow bony remodeling to take place. He believed that if 
the appliances were removed too soon relapse would occur 
because bone would not have fully formed in the new positions 
of the teeth (37). Some years later McDowell equated relapse 
with the "elastic" properties of the periodontal ligament and 
with the orthodontist's failure to achieve tooth-to-tooth con-
tact. He considered arch form and continuity physiologic 
prerequisites for retention (26). 
Dewey ( 7) insisted that there existed 11 ••• natural 
forces of retention ••• " Incisal planes, arch and muscle 
harmony, ideal interproximal contact, adequate periodontal 
ligament and bony support and normal atmospheric pressure 
are the essential elements of~ successfully retained case, 
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according to him. This belief was supported by Marcus 
in 1939 (28). The san1e year Watkin expressed the opinion 
that in order for a case to remain stable, all forces must 
be in equilibrium (44). This theory, or variations of it, is 
undoubtedly the most popular in the area of retention and 
relapse. 
Kaare Reitan related dental changes to the "elastic" 
properties of the periodontal ligament and the gingival fiber 
apparatus (34, 35). Thompson also shared Reitan' s belief 
(43). Horowitz and Hixon would prefer to call relapse, 
"physiologic recovery. 11 They stated that relapse is really 
two basic entities. One is physiologic recovery and the other, 
normal dentitional changes (19). In an editorial in 1965, 
Salzman postulated several reasons for dental relapse follow-
ing appliance removal. They are: periodontal ligament 
tension, lack of functional adaptation of teeth, growth, endo-
crine dysfunction, metabolism and a dual bite tendency. 
The key to r~tention is "functional harmony, 11 according to 
him (36). He did not, however, define the components of 
"harmony. 11 Calvin Case believed that there were three 
factors involved in relapse. They are heredity, pre- and 
post-treatment relationships and the type of retention used 
(4). He stressed the importance of the removal of etiologic 
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factors and the necessity of selecting extraction cases 
carefully. 
Webster stressed early correction of a deteriorating 
situation to insure stability. He felt that habits would have 
deleterious effects and an inability to achieve a harmonious 
occlusion would adversely affect the prognosis for retention. 
Muscle balance is essential. Corrected Class II cases are 
stable, assuming no horizontal growth. Additionally, stability 
of overbite correction is directly related to vertical growth (45). 
Strang asserted that the teeth must be positioned over 
basal bone to insure stability ( 41). Sved also restated this 
apical base theory, attributed originally by most authors to 
Lundstrom. He postulated that relapse may be due to incom-
plete final positioning of teeth (42). Peak again asserted the 
now familiar muscle balance and denture harmony theory of 
retention in 1956 (31). In an editorial in the American Journal 
of Orthodontics in 1957, relapse of mandibular incisors was 
related to occlusal mannerisms due to personality changes 
during adolescence (9). 
In Reidel' s article in 1960, the retention problem was 
extensively reviewed. He set forth two basic premises. 
First, teeth moved orthodontically tend to revert; second, 
mandibular arch form, particularly intercanine width, is 
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relatively inviolable. He also asserts that there is no 
scientific evidence to support the theories that corrections 
made during periods of growth are more stable and the 
farther a tooth is moved, the less the chance of relapse. 
Other factors involved in retention are: tooth size discrep-
ancies, axial inclinations, functional differences and growth 
and sex differences. Certain cases, Reidel stated, need no 
retention (33). 
Retained hereditary and etiologic factors, according 
to Higley, are the causes of relapse (18). On the other hand, 
Steadman related relapse of lower incisor crowding to vertical 
growth of cervical vertebrae with subsequent tongue growth 
and arch collapse, mimetric muscle hypertension or the 
presence of third molars (39). Biggerstaff attributed the 
crowding problem to the intrinsic factors of arch-to-tooth 
size discrepancy and differential growth or the extrinsic 
factors of habits, mutilated dentition or abnormal muscle 
function (2). 
The second basic area of relapse literature relates to 
the mechanics of the orthodontic treatment. As early as 1925 
Hawley stated that the physical aspects of the retention ap-
pliance are of paramount importance, There are, according 
to Hawley, two forces operating in retention. One is physical, 
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the other, mechanical. The length of mechanical retention 
should be at least twice that of active treatment (15). A year 
later Chapman called retention, 11 ••• the final stage in treat-
ment ••• " Retention then, is the holding of the teeth in their 
new position until tissues can readapt, thereby creating a 
"· •• permanent stage of absolute retention ••• 11 (5). 
Barker concluded that relapse or, as he calls it, 
failure, is related to poor cooperation, p~or patient rapport, 
and poor or incomplete diagnosis or mechanics ( 1 ). Burrill, 
on the other hand, returns, to a certain extent, to the physio-
logic aspect of relapse, and relates "failure" to our inability 
to overcome basic physiologic handicaps. The natural forces 
tend to individualize the final result. Failures are also related 
in part, to the orthodontist's failure to impress the patient 
with the importance of cooperation or to general dental break-
down (3). The view that relapse is largely a measure of the 
lack of the ability of the operator was expressed by Grieve, 
who stated, "If our philosophy concerning the phenomenon of 
malocclusion is correct, the treatment is skillfully carried 
out, the problem of retention is a very minor one. 11 ( 13) 
Hahn, on the other hand, took the approach that relapse 
1s the result of the orthodontist's failure to establish a physio-
logic occlusion. The fault therefore lies with the orthodontist 
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for his incomplete or incorrect diagnosis and/or treatment (14). 
McCauley carries this thought a step further when he suggests 
that the primary concern of the orthodontist is function, not 
es the tics. One should look for factors which would prevent 
establishment of a functional occlusion. He goes on further to 
discuss the functions of cuspids in retention (2 7). Kelley main-
tained that most relapse is the result of variables such as 
patient cooperation, corrections of the treatment plan, habits, 
tooth size discrepancies and the thoroughness of the original 
treatment plan. He attributed only a minor role in the increase 
in overjet to growth (22). 
Muchnic stated that there are certain basic reasons for 
relapse (30). These all relate to improper or incomplete 
positioning of the teeth or the failure to remove etiologic or 
intrinsic factors influencing muscle imbalance. Growth and 
bony remodeling also account for changes which occur following 
active treatment. Dickson is yet another who feels that relapse 
is related to poor treatment planning and lack of knowledge of 
tooth movement (8). On the other hand, according to Englert, 
the stability of a corrected case is related to the degree of the 
orthopedic correction (10). 
Jones, in an article 1n 1956, placed the emphasis on 
"retention planning. 11 One should treat with retention in mind. 
-10-
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This means: ( 1) Don't expand; (2) Obtain a harmonious occlusal 
relationship; (3) Correct excessive overbite and curve of spee; 
(4) Use good judgement and individualize the treatment objec-
tives. Again, we see an orthodontic approach to the previously 
discussed physiology of relapse (21). Another who holds this 
view is Chateau. He postulated . that relapse was due, in part, 
to an unsatisfactory finish, leaving a situation not in balance, 
or to existing etiologic factors (6). 
The third category in the retention literature is not 
really a category at all. The articles may express different 
views, but they possess one thing in common which sets them 
apart from the rest of the literature. These articles discuss 
actual case analysis and data. This is by far the smallest 
group in the literature. 
Fischer, in 1943, divided his cases into two categories: 
stable and unstable. The stable cases he found were: : ( 1) Class II/ 1 
cases wtth no crowding, and (2) lingually placed maxillary teeth. 
The unstable cases, on the other hand, were: ( 1) Class I, 
(2) Class II/ 1, (3) Class 11/2, and (4) Class III. Most of the 
unstable cases showed no one particular molar relationship. 
Most had crowded maxillary and mandibular teeth due to 
forward position of the incisors, mesial drift of the buccal 
segments or both. He stated that a corrected Class II molar 
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relationship was the most stable objective ( 11). In an exam-
ination of maxillary incisor stability following retraction, 
Higgins et. al. found sixty-nine per cent of eighty-two bilateral 
extraction cases showed rapid relapse within six months follow-
ing retention ( 17). Martin also examined the stability of 
anterior teeth and he found that, in a comparison of thirty-two 
extraction and non-extraction cases ,one year out of rete ntion: 
( 1) The distance moved does not seem to influence a change 
later; (2) From the cephalograms, the most prominent incisor 
moved lingually in extraction cases and labially in non-extrac-
tion cases. From this latter fact he determined that cas e s t e nd 
to seek a state of stability (29). 
Pfluger examined retention cephalograms and mode ls 
of twenty-one cases. Records from post-retention we r e com-
pared with final treatme nt or pre -re t e ntion records. All 
measured values were considered stable (32). Recently F oge l 
and Magill examined twenty-one cases retention fr ee for an 
average of fourteen years. Unfortunately no results we r e ava il-
able at printing ( 12). Stackler examined twenty Class II/ 1 cases 
five years out of retention. He found that extraction space s 
which are left open or open later close, probably by mesial 
tipping of the buccal segments. Overbite recurs, p e rhaps du e 
to previously depressed incisors becoming e xtruded and m e sial 
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tipping of the buccal segments. Recurrence of lower incisor 
crowding occurred in sixteen cases and labial movement of 
the lower incisors occurred in nine cases (38). 
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MATERIALS AND METHODS 
The thirty-six patients in the study were selected at 
random from among the patients at Boston University on whom 
treatment had been completed six months to two years pre-
viously. All cases except one were Class II malocclusions. 
They had been treated with a variety of techniques and retained 
likewise. Most of the cases had been treated with some .form 
of headgear therapy. 
On two occasions, approximately one year apart, 
impressions, a cephalogram and a panorex were taken on each 
patient. The patient's original, final, first retention and 
second retention records were then analysed. The following 
measurements were taken on each of the four sets of models: 
( 1) Intermolar width in millimeters, maxillary and 
mandibular, from the mesial cusp tips. 
(Z) Intercuspid width in millimeters, maxillary and 
mandibular, from the cusp tips. 
(3) Spacing in millimeters, by quadrant. 
(4) Crowding in millimeters, by quadrant. 
(5) Number of rotations, by arch. 
(6) Number of extraction spaces still open. 
-14-
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gram: 
( 7) Over jet in millimeters. 
(8) Overbite in millimeters. 
(9) Molar relationships in millimeters. 
(10) Cuspid relationships in m'llimeters. 
( 11) A subjective evaluation (poor, fair, good) of the 
degree of intercuspation was made on each set of 
models. 
The following angles were measured on each cephalo-
( 1) SNA 
(2) SNB 
(3) ANB 
( 4) SN to GoGn 
(5) SN to Occlusal Plane 
(6) Maxillary incisor to NA 
( 7) Mandibular incisor to NB 
(8) Maxillary incisor to mandibular 1nc1sor 
In addition, the presence or absenc e of third molars 
\Vas noted on the panorex. 
All values, both from the m o dels and cephalograms, 
were evaluated statistically. The median, mode and range 
\Vere computed for each of the following sets of values: 
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( 1) The change during treatment. 
(2) The change during retention. 
(3) The overall change from start of treatment to the 
conclusion of the study. 
The following values were then compared and correlation 
coefficients computed: 
( 1) Age to ANB change. 
(2) Extractions to Sn/ GoGn change. 
(3) Maxillary incisor/NA change to SNA change. 
( 4) Overjet change to change in intercuspation. 
(5) Overjet change to change in· ANB. 
(6) Overjet change to change in SNA. 
( 7) Overjet change to change in SNB. 
(8) Overjet change to change in maxillary crowding. 
(9) Overjet change to change in mandibular crowding. 
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FINDINGS 
SNA Changes During Treatment and Retention 
The SNA angle displayed very few large changes during 
treatment. Sixteen cases showed a reduction of the angle, 
while six cases showed increases. The median was O; the 
mode, O; and the range, _40 to 20. Only one case showed a 
reduction of _40. (See Table 1, Graph la) 
During the retention phase there were again small 
changes in SNA. Thirteen cases showed reduction, while the 
same number showed increases. Seven cases showed some 
relapse, the largest change during treatment (-40) relapsing 
totally. The median was O; the mode, -10; and the range 
-20 to 40. (See table 1, Graph 1 b) 
Overall the SNA naturally showed relatively small 
changes. The median was O; the mode, O; and the range -4° 
to 30. (See Table 1, Graph le) 
SNB Changes During Treatment and Retention 
The SNB angle also displayed few large changes during 
treatment. Eleven cases showed reduction, while sixteen cases 
showed increases. The median was O; the mode, O; and the 
range, -2° to 3°. (See Table 2, Graph 2a) 
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During the retention phase small changes were again 
noted in the SNB angle. Eleven cases showed reduction, while 
fourteen increased. There were eleven cases which displayed 
some degree of relapse. The median was O; the mode, O; and 
the range, -20 to 3. s0 • (See Table 2, Graph 2b) 
Overall the results were similar. Ten cases showed 
reduction while twenty-one increased. The median was 10; 
the mode, 1 °; and the range _30 to 4. 5°. (See Table 2, Graph 2c) 
ANB Changes During Treatment and Retention 
During treatment the ANB angle displayed relatively 
small changes. Twenty cases showed reductions, while six 
increased. The median was -0. 5°; the mode, O; and the range, 
-4. s0 to 20. (See Table 3, Graph 3a) 
During the retention phase the ANB remained relatively 
stable. Nine cases showed reduction, while eight increased. 
Five cases showed some relapse. The median was O; the mode, 
O; and the range -2. s0 to zo. (See Table 3, Graph 3b) 
Overall the ANB was relatively stable. Twenty-one 
cases showed reductions, while seven increased. The median 
was O. 510; the mode, O; and the range -4° to 20. (See Table 3, 
Graph 3c) 
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Maxillary Incisor to NA Changes During Treatment and Retention 
During treatment this angle showed rather large changes. 
Twenty-five cases showed reductions, while ten increased. The 
median was -5.50; the mode, -150; and the range, -220 to 11°. 
(See Table 4) 
During the retention phase this angle again showed large 
changes. Seventeen cases showed reductions, while fifteen 
increased. Twenty cases displayed some relapse. The median 
was O; the mode, -1 °; and the range, -9° to 15°. (See Table 4) 
Overall the maxillary incisor to NA displayed large 
changes. Twenty cases were reduced, while ten increased. 
The median was -50; the mode, -10°; and the range, -300 to 
22°. (See Table 4) 
Mandibular Incisor to NB Changes During Treatment and Retention 
During treatment this angle also sh:> wed large changes. 
Seventeen cases showed positive changes, while the same number 
were reduced. The median was O; the modes, -2°, - 7°·, -90; 
and the range, -130 to 23°. (See Table 5) 
During retention there were moderate changes in this 
angle. Twenty-two cases showed reductions, while ten in-
creased. Twenty-two of the cases showed some relapse. The 
median was -1. 50; the mode, - ~ 0 ; and the range, -120 to 60. 
(See Table 5) 
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Overall there were large changes in this angle. 
Nineteen cases showed reductions, while fourteen increased. 
The median was -1.50; the mode, -60; and the range, -200 
to 11 °. (See Table 5) 
Interincisal Angle Changes During Treatment and Retention 
The interincisal angle displayed large changes during 
treatment. Eleven cases showed reduction, while twenty-four 
increased. The median was 7. 5°; the mode, 50; and the range, 
-220 to 350. (See Table 6) 
Large changes were again evident during retention. 
Fourteen cases showed reduction, while eighteen showed 
increases. Twenty-one cases showed some relapse. The 
median was 3°; the mode, 5°; and the range, -20° to 130. 
(See Table 6) 
Overall, the interincisal angle displaye d large changes. 
Seven cases showed reductions, while twenty-six increased. 
The median was 9°; the modes, 10°, 11°; and the range , -13° 
to 48°. (See Table 6) 
Over jet Changes During Treatment and Retention 
The overjet showed several large changes during 
treatment. Thirty-one cases showed some reduction, while 
-20-
only three cases increased. The median was -3. 75 mm; the 
mode, -2 mm; and the range, -13 mm to 1 mm. (See Table 7) 
During retention changes were not large, but seventeen 
cases showed some relapse. The median was O. 5 mm; the 
mode, O; and the range, -2 mm to 7. 5 mm. (See Table 7) 
Overall thirty cases showed reductions of overjet. 
The median was -3 mm; the mode, -3 mm; and the range, 
-10 mm to 2. 5 mm. (See Table 7) 
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DISCUSSION 
Upon examination of the data, certain interesting 
facts became apparent. Among the thirty-six patients evalu-
ated, certain theories concerning retention were substantiated, 
while others did not seem to hold true. Let us first examine 
the changes which took place in this population sample during 
treatment. 
Examining the skeletal changes relative to overjet 
correction, we find several interesting facts. During treat-
ment this group displayed very few large changes in SNA, 
SNB or ANB. This would seem to suggest that we were unable 
to make substantial skeletal changes during treatment, in spite 
of the fact that nea:rly every case was treated with some form 
of headgear appliance. For years it has been a common sup-
position in orthodontic circles that we have been able to make 
orthopedic corrections in growing children .during the course 
of treatment and that these changes may constitute a majo1 
portion of the corrections made in Class II skeletal malocclu-
sions (20, 23, 24, 25). Our data would seem to question this 
belief, since changes in the positions of points A and B, two 
of the common indices for assessing the skeletal position of 
the apical bases, are minimal. When overjet was correlated 
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with each of these parameters, statistically significant values 
were found for SNA and SNB. However, both coefficients were 
in the range of O. 4 to O. 5, (See Table 8) , indicating a rather 
weak association between the variables. Only a small per-
centage of the overjet correction can be related to SNA and 
SNB changes. We must therefore assume that there are several 
other factors associated with over jet changes. Although claims 
have been made that orthopedic forces and differential growth 
can produce large ANB changest.•, the largest change recorded 
in this study was -4. so; and most were lower (See Table 3, 
Graph 3a). Very few approached the fifty per cent figure sug-
gested by Steiner as a viable treatment goal (40). Therefore, 
based on the data acquired here, our ability to affect major 
skeletal changes seems to be suspect. Further examination 
of orthopedic changes relative to extraoral force is no doubt 
1n order. 
Since the data indicate that we did see large era. nge s 
in the over jet during treatment (See Table 7) and we have just 
shown that skeletal changes were apparently not a significant 
factor, what was the source of these corrections? To find 
out, we must examine the dental corrections. Angles of the 
maxillary incisor to NA (Table 4), mandibular incisor to NB 
*Lecture delivered by Irving Buchin at B os ton University 
School of Graduate Dentistry, 1971. 
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(Table 5), and the interincisal angle (Table 6) all displayed 
large changes during treatment. These changes appear to have 
been significant factors involved in overjet reduction. Unfort-
unately, correlation coefficients were not computed relating 
overjet to these three angles, but one suspects there would be 
a reasonable degree of correlation. Certainly, this could be 
done in future studies. Obviously then, dental changes are 
relatively easy to effect and appear to occupy a more substan-
tial role in the correction of Class II cases here at Boston 
University, in spite of the strong orthopedic headgear forces 
which are used. 
How did these cases behave in retention? The skeletal 
parameters, SNA, SNB and ANB, again displayed relatively 
small changes during the retention phase (See Tables 1, 2, and 
3). Although some relapse was noted, these values appeared 
primarily stable. Englert suggested that the stability of a 
treated case is dependent upon the degree of success of the 
orthopedic correction ( 10). However, our data does not seem 
to corroborate this. The correlation coefficient comparing 
the retention change in overjet to the retention change in ANB 
was only O. 03 {See Table 8). The ANB angle ,vas extremely 
stable in the retention stage but the overjet showed greater 
re lapse tendencies. On the other hand, we could look at 
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Englert' s theory from a different viewpoint. ANB changes 
were small, but stable. If we could achieve larger ANB 
changes, perhaps the overjet would also be more stable. 
Spontaneous changes were noted in several cases where no 
changes had been made in treatment and this might lead us to 
question the source of the corrections we did effect during 
treatment. Were we, the orthodontists, the cause of skeletal 
changes or were they merely the expression of the child's 
prevalent morphogenetic pattern? We again must suggest 
that a reevaluation of our ability to redirect growth or create 
skeletal changes is in order. 
In the area of dental changes we see quite a different 
situation. Angular changes in the incisor relationships were 
quite large during the retention phase. Relapse was much 
more significant, while some angles continued to change in the 
same direction as they had in treatment. Certainly these 
dental changes were much less stable than the previously 
discussed skeletal changes. Nevertheless, an examination of 
the overall changes from start of treatment to the end of the 
study indicates that substantial positive dental changes were 
made, again suggesting that our main avenue of orthodontic 
correction of overjet is dental. 
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Another fact which attacks the credence of the ortho-
pedic correction approach is the lack of a significant correla-
tion coefficient between ANB and age (See Table 8). It has 
often been suggested that orthopedic correction is most 
effective during periods of growth, yet we see no evidence of 
this here. I also must agree with Reidel (33), who stated that 
there is no evidence to indicate that changes made during 
periods of growth are more stable. since relapse in overjet 
did not appear to be related to age. There is of course the 
possibility that none of these cases were treated during periods 
of active growth, but one must at least question this apparent 
lack of any relationship between age and ANB change. 
Another interesting result of the study was the seeming 
lack of correlation between overjet relapse and the degree of 
intercuspation. None of the correlation coefficients measuring 
this relationship proved to be significant (See Table 8). We 
have long been told that an ideal intercuspation was a significant 
deterrent to relapse (1, 6, 14, 21, 28, 30, 31, 33, 42, 45). This 
has, in fact, been one of the basic tenets of orthodontics. 
Within our population sample it did not seem to be true, at 
least as far as overjet was concerned. The change in the 
degree of intercuspation seemed to have no relationship to the 
change in overjet. In retrospect, the author feels that a very 
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useful correlation coefficient which was not computed would 
have been the change in over jet during retention versus the 
degree of intercuspation at the close of the active phase of 
treatment. This would have been a more valuable index with 
which to assess the relationship of intercuspation to relapse. 
Relapse in overjet appeared to be related, in part, to 
relapse in lower incisor crowding. Interestingly enough, the 
correlation coefficient for these values was O. 65, which was 
significant to the O. 001 level, the highest value in the entire 
study (See Table 8). We can suggest from this that return of 
lower incisor crowding probably relates in part to lingual 
movement of those teeth with subsequent increase of overjet. 
Certainly this is only one factor and there must be several 
other variables associated with overjet relapse. Is the original 
reduction in overjet partially caused by labial movement of the 
mandibular incisors? It would be useful to examine this in 
relation to extraction or non-extraction cases. 
One area which we did not compare was changes in 
molar and cuspid relationships relative to overjet reduction 
and skeletal changes at point A. It would be interesting to 
examine this area to give us more insight into the relative 
effects of skeletal versus dental changes as avenues of correc-
tion. Throughout all parameters measured regarding overjet 
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and related values, there seemed to be no consistent evidence 
to support the sometimes postulated theory that the larger the 
change in treatment, the less the degree of relapse (34, 41). 
These findings support those of Martin (29) and Reidel (33). 
In conclusion, let me restate the important points 
discussed. First, dental corrections seem to be more sig-
nificant when compared to overjet reduction than are skeletal 
corrections. Skeletal changes, on the other hand, seem more 
stable in retention than the dental changes. Relapse of overjet 
appeared unrelated to the degree of intercuspation but did 
appear significantly related to a relapse of mandibular incisor 
crowding. 
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SUMMARY 
A grot:p of thirty-six 1·andomly selected patients at 
Boston University School of Dentistry were examined for 
rel~pse over an average two-year period following active 
treatment. Cephalograms, panorexes and impressions were 
taken on two separate occasions. Examination of this data 
revealed the following points: 
( 1) SNA, SNB and ANB changed very little both during 
and after active treatment. The results of these 
corrections, although small, appeared to be rela-
tively stable. 
(2) Maxillary incisor to NA, mandibular incisor to NB, 
and the interincisal angles showed large changes 
both during and after treatment. These changes 
appeared to have a greater tendency to relapse. 
(3) The overjet showed large changes during treatment 
and displayed moderate relapse tendencies. Correc-
tion would appear to be more related to the dental, 
rather than the skeletal changes. 
(4) Correlation coefficients were computed for several 
variables, and although a few showed a statistically 
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significant value, only one, comparing overjet to 
mandibular incisor crowding, would appear to have 
a high degree of correlation. 
• 
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CONCLUSIONS 
The most significant finding in this study was not 
related to relapse. We discovered that, although headgear 
therapy was employed in nearly every case, we were unable 
to affect significant skeletal changes, as judged by the SNA, 
SNB and ANB changes during treatment. We therefore would 
question the proponents of the theory that dramatic skeletal 
changes in an antero-posterior direction can be easily accom-
plished by the use of strong headgear forces. On the other 
hand, dental changes were more dramatic and apparently 
responsible for a significant percentage of the overall overjet 
reductions. Are we not then justified in suggesting that a 
reappraisal of orthopedic versus orthodontic treatment 
methods is in order? 
In terms of the retention and relapse, certain concepts 
were examined. The skeletal changes of SNA, SNB and ANB 
appeared relatively stable, while angular dental changes relat-
• 
ing incisor position seemed more prone to relapse. Correlation 
coefficients comparing certain variables, with one exception, 
seemed to be of little biological significance. The one exception 
was the coefficient comparing ove rjet to mandibular incisor 
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crowding. This suggested that relapse in overjet is partially 
related to relapse of mandibular incisor crowding. The lack 
of a significant coefficient comparing overjet to the degree of 
intercuspation, on the other hand, would seem to contradict 
the belief that an ideal intercuspation is an important deterrent 
to relapse. 
The author would strongly urge future researchers to 
examine treated cases, using statistics to evaluate some of 
the entrenched beliefs concerning orthodontic treatment and 
relapse. It is time for those theories, so long espoused by 
many, to be examined statistically to determine once and for 
all, their credibility as guidelines to treatment techniques. 
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TABLE 1: SNA Changes During Treatment and Retention 
Treatment 
Change 
(in degrees) 
-2 
0 
0 
0 
l 
-2.5 
0 
-2 
0 
0 
0 
2 
-1 
-4 
-2 
-2 
-2 
-2 
-2 
-0.5 
0 
-0.5 
1 
1 
0 
-1 
0 
0 
-1 
1 
0 
-1 
1 
-1 
0 
1 
Median 0 
Mode 0 
Range -4 to 2 
Retention 
Change 
(in deg!'ees) 
1 
-1 
-1 
2 
-1 
-1 
0 
-1 
3 
0 
1 
1-
0 
4 
0 
-2 
2 
-1 
1 
-o.s 
-2 
-1 
-1 
1 
0 
2 
0 
-1 
1 
0 
0 
0 
1 
1 
-1 
l 
0 
-1 
-2 to 4 
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Overall 
Change 
( in degrees) 
-1 
-1 
-1 
2 
0 
-3.5 
0 
-3 
3 
0 
l 
1 
-1 
0 
-2 
-4 
0 
-3 
-1 
-1 
-2 
-1.5 
0 
2 
0 
1 
0 
-1 
0 
1 
0 
-1 
2 
0 
-1 
2 
0 
0 
-4 to 3 
II of 13 patients 
Treatment 
(a) 
Retention 
(b) 
Overall 
(c) 
I 
11 
10 
9 
8 
7 
6 
5 
4 
3 
t 
12 
11 
10 
9 
9 
6 
l 
3 
2 
1 
12 
11 
10 
9 
8 
7 
6 
z 
3 
2 
1 
Graph Ill 
SNA CHANGES 
-2 -1 -.5 0 
-4 -3.5 -3 -2 -1.5 -1 0 
1 
1 
Degrees of change 
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2 3 4 
2 3 
TABLE 2: SNB Changes During Treatment and Retention 
Treatment 
Change 
(in degrees) 
-1 
1 
2 
-1 
3 
2 
-1 
2 
0 
0 
0.5 
1 
-1 
-1 
-1 
-2 
-1 
1.5 
0 
0 
0.5 
2 
1 
1 
0 
0 
1 
0 
3 
1 
-1.5 
-1 
0 
2 
-2 
0 
Median 0 
Mode 0 
Range -2 to 3 
Retention 
Change 
(in degrees) 
1 
-1 
-1 
3 
0 
-1 
0 
-1 
3 
-2 
0.5 
0 
2 
2 
0 
-1 
3 
0 
1 
-0.5 
-2 
0 
1 
3.5 
-1 
1 
0 
0 
1 
0 
-0.5 
0 
1 
1 
-1 
1 
0 
0 
-2 to 3.5 
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Overall 
Change 
(in degrees) 
0 
0 
1 
2 
2 
1 
-1 
1 
3 
-2 
1 
1 
1 
1 
-1 
-3 
2 
1.5 
1 
-0.5 
-1.5 
2 
0 
4.5 
-1 
1 
1 
0 
4 
1 
-2 
-1 
1 
3 
-3 
1 
1 
1 
-3 to 4.5 
• 
II of patients 
Treatment 
(a) 
Retention 
(b) 
Overall 
(c) 
10 
9 
8 
7 
6 
' 3 t 
10 
9 
8 
7 
6 
5 
4 
3 
2 
l 
i~ 
11 
10 
9 
8 
7 
6 
5 
4 
3 
r 
-3 
Graph 112 
SNB CHANGES 
-2 -1.5 -1 .5 1 1.5 2 
-2 -1 -.5 0 .5 l 2 
-2-1.5 -1 I .5 0 1 1. 5 2 
Degrees of Change 
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3 
3 3 . 5 
3 4 4.5 
, 
TABLE 3: ANB Changes During Treatment and Retention 
Treatment 
Change 
(in degrees) 
-1 
-1 
-2 
1 
-1 
-4.5 
1 
-4 
0 
0 
-0.5 
-1 
0 
-3 
-1 
0 
-1 
-1.5 
-2 
-0.5 
-0.5 
-2.5 
0 
0 
0 
-1 
-1 
0 
-4 
0 
1.5 
0 
1 
-3 
2 
0.5 
Median -0.5 
Mode 0 
Range -4.5 to 2 
Retention 
Change 
(in degrees) 
0 
0.5 
0 
-1 
-1 
0 
0 
0 
0 
2 
0.5 
-1 
-2 
2 
0 
-1 
1 
-1 
0 
0 
0 
-1 
0 
-2.5 
1 
1 
0 
-1 
0 
0 
0.5 
0 
0 
0 
0 
0 
0 
0 
-2.5 to 2 
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Overall 
Change 
(in degrees) 
-1 
-0.5 
-2 
0 
-2 
-3.5 
1 
-4 
0 
2 
0 
-2 
-2 
-1 
-1 
-1 
0 
-3.5 
-2 
-0.5 
-0.5 
-3.5 
0 
-2.5 
1 
0 
-1 
-1 
-4 
0 
2 
0 
·1 
-3 
2 
0.5 
-0.5/-1 = 0.75 
0 
-4 to 2 
·, -
fl of patients 
Treatment 
(a) 
Retention 
(b) 
()verall 
(c) 
12 
11 
10 
9 
9 
6 
5 
2 
1 
19 
12 
i~ 
9 
8 
7 
6 
5 
~ 
2 
l 
12 
11 
10 
9 
8 
7 
6 
l 
3 
2 
1 
Graph 113 
ANB CHANGES 
-4.5 -4 -3 -2.5 
'-2.5 .:.2 -1 1 2 
,.5 • 3.5 3 2.5 2 1.5 1 .s · o .5 1 1.5 2 2.5 3 3.5, 
(-) · Degrees of Change ( +) 
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TABLE 4: Maxillary Incisor to NA Changes During Treatment 
and Retention 
Treatment 
Change 
(in degrees) 
11 
-7 
6 
-5 
-7 
-13 
-2 
-8 
-15 
-10 
1 
5 
-15 
-15 
-6 
-7 
-3 
-14 
-9 
3 
-5 
3 
8 
-4 
-14 
-21 
-10 
-22 
-2 
3 
-5 
4 
-17 
-15 
7 
-3 
Median -5.5 
Mode -15 
Range -22 to 11 
Retention 
Change 
(in degrees) 
11 
6 
-1 
2 
1 
0 
-3 
-2 
1 
5 
-3 
-1 
10 
1 
-2 
-3 
0 
-1 
2 
-1 
-3 
-2 
-2 
9 
-3 
-9 
0 
15 
1 
3 
-5 
0 
14 
8 
-1 
-1 
0 
-1 
-9 to 15 
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Overall 
Change 
(in degrees) 
22 
-1 
5 
-3 
-6 
-13 
-5 
-10 
-14 
-5 
-2 
4 
-5 
-14 
-8 
-10 
-3 
-15 
-7 
2 
-8 
1 
6 
5 
-17 
-30 
-10 
-7 
-1 
6 
-10 
4 
.-3 
-7 
6 
-4 
-5 
-10 
-30 to 22 
.• 
TABLE 5: Mandibular Incisor to NB Changes During Treatment 
and Retention 
Treatment 
Change 
(in degrees) 
-10 
-2 
0 
-2 
-7 
6 
-4 
-9 
-9 
1 
10 
1 
-7 
10 
-5 
6 
9 
-7 
0 
2 
-4 
23 
4 
-2 
7 
-13 
-6 
13 
5 
3 
2 
5 
-1 
-5 
-9 
7 
Median 0 
Mode -2, -7 and -9 
Range -13 to 23 
Retention 
Change 
(in degrees) 
-1 
1 
2 
2 
1 
-5 
-2 
-1 
-1 
0 
-2 
-5 
4 
-7 
-1 
-10 
-2 
-1 
0 
-4 
-3 
-12 
-3 
2 
-3 
-7 
0 
-10 
-7 
2 
6 
-7 
5 
-2 
4 
-5 
-1.5 
-1 
-12 to 6 
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I 
Overall 
Change 
(in degrees) 
-11 
-1 
2 
0 
-6 
1 
-6 
-10 
-10 
1 
8 
-4 
-3 
3 
-6 
-4 
7 
-8 
0 
-2 
-7 
11 
1 
0 
4 
-20 
-6 
3 
-2 
5 
8 
-2 
4 
-7 
-5 
2 
-1. 5 
-6 
-20 to 11 
TABLE 6: Interincisal Angle Changes During Treatment and Retention 
Treatment 
Change 
(in degrees) 
11 
9 
-3 
5 
15 
11 
9 
21 
26 
14 
-18 
-5 
23 
5 
10 
2 
-6 
23 
8 
-2 
10 
-22 
-12 
7 
7 
35 
17 
13 
-2 
-10 
2 
-8 
19 
21 
5 
-1 
Median 7. 5 
Mode 5 
Range -22 to 35 
Retention 
Change 
(in degrees) 
11 
-6 
-2 
-2 
-3 
5 
5 
3 
0 
-6 
5 
5 
-10 
7 
0 
13 
3 
3 
-1 
3 
3 
12 
5 
-7 
5 
13 
2 
-3 
6 
-3 
-1 
7 
-20 
-4 
-3 
6 
3 
s 
-20 to 13 
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Overall 
Change 
(in degrees) 
22 
3 
-5 
3 
12 
16 
14 
24 
26 
8 
-13 
0 
13 
12 
10 
15 
-3 
26 
7 
1 
13 
-10 
-7 
0 
12 
48 
19 
10 
4 
-13 
1 
-1 
.:.1 
17 
2 
5 
9 
10, 12 
-13 to 48 
TABLE 7: Overjet Changes During Treatment and Retention 
Treatment 
Change 
(in mm.) 
-2 
-1. 5 
0 
-1 
-5 
-10 
-4 
-5 
-4 
-7 
-0.5 
-1 
-3 
-13 
-1.5 
-7 
-4 
-7 
-5 
-1 
-3.5 
-9 
-2 
0 
-5 
-4.5 
-2 
-10.5 
-6 
0.5 
0.5 
-2 
-8 
-6 
1 
-2 
Median -3.75 
Mode -2 
Range -13 to 1 
Retention 
Change 
(in mm.) 
-1 
1.5 
-1 
1 
2 
2 
0 
0 
0 
3 
1.5 
0 
0 
3 
-1 
3 
0 
2 
0 
-2 
1 
2 
1 
-2 
0 
-1.5 
0 
7.5 
2 
2 
-1.5 
3 
5 
3 
-1 
0 
0.5 
0 
-2 to 7.5 
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Overall 
Change 
(in nnn.) 
-3 
0 
-1 
0 
-3 
-8 
-4 
-5 
-4 
-4 
1 
-1 
-3 
-10 
-2.5 
-4 
-4 
-s 
-5 
-3 
-2.5 
-7 
-1 
-2 
-5 
-6 
-2 
-3 
-4 
2.5 
-1 
1 
-3 
-3 
0 
-2 
-3 
-3 
-10 to 2.5 
TABLE 8: Correlation Coefficients 
Treatment Retention Overall 
Change Change Change 
Age vs. ANB .19 .25 .16 
Maxillary incisor 
to NA vs. SNA .27 .26 .17 
Overjet vs. 
lntercuspation .08 .15 .02 
Overjet vs. ANB • 40 P ( • 02 .03 .35 P ( .OS 
Overjet vs. SNA .46 P(.01 -.04 .30 
Overjet vs. SNB .16 .03 . 15 
Overjet vs. 
Maxillary crowding • 32 .21 .15 
Overjet vs. 
Mandibular crowding - .19 • 65 P ( .001 .17 
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